Abstract. The speed at which an economy converges to its steady state is investigated by using a general non-scale R&D-based growth model. To accomplish this task, an analytical decomposition formula for the instantaneous rate of convergence is developed. By applying this decomposition to the model under study, the driving forces behind the convergence process are identified. Two convergence mechanisms are distinguished: the accumulation-decumulation mechanism and the resource-reallocation mechanism. The relative importance of the different convergence mechanisms is assessed using numerical techniques. Moreover, it is shown that the specific shock being considered might be crucial for the instantaneous rate of convergence.
INTRODUCTION
Growth models that focus on research and development (R&D) have been used extensively to explain sustained economic growth in industrialized countries. Since the first generation of R&D-based growth models suffered from the scale effect according to which the long-run growth rate increases with the size (scale) of the economy, the discussion centred around this empirically problematic implication ( Jones, 1995) . In the meantime, a second generation of R&D-based growth models has been developed, which is not spurred by the scale effect (i.e. non-scale growth models) and the discussion has settled. Some of the most important papers in this field comprise Jones (1995) , Segerstrom (1998) as well as Eicher and Turnovsky (1999a) .
Moreover, the majority of contributions to growth theory have focused on the balanced growth path (BGP). At the same time, most economists would probably agree on the perspective expressed by Temple (2003, p. 509) : 'Ultimately, all that a long-run equilibrium of a model denotes is its final resting point, perhaps very distant in the future. We know very little about this destination, and should be paying more attention to the journey. ' According to this perspective, the speed at which an economy converges to its steady state is of outstanding interest. There are at least two important arguments in favour of this proposition: first, a number of influential growth models bear completely different positive and normative implications depending on whether the economy is moving towards or growing along the BGP. Specifically, in non-scale endogenous growth models, the long-run growth rate is independent of the size of an economy. However, the scale at which an economy operates affects output growth along the transition. Moreover, public policy is ineffective in controlling the long-run growth rate but is effective along the transition to the BGP ( Jones, 1995) .
1 Second, a number of authors have investigated the dynamics of international or interregional income disparities by using the b-convergence framework (e.g. de la Fuente, 2002) . According to this approach, the time span that is required to reduce the initial gap in income depends once more essentially on the rate of convergence (ROC).
Of course, there are some authors who investigate the transition process in R&D-based growth models. Jones (1995) analyses the speed of convergence of his semi-endogenous R&D-based growth model. The author assumes that the labour allocation variable and the saving rate remain constant along the transition path. It is clear that this simplifying assumption is critical with respect to the issue under study. Moreover, Turnovsky (1999b, 2001) investigate the transitional dynamics of a general non-scale R&D-based growth model and derive important results on convergence along a twodimensional stable manifold. On this occasion, however, the authors restrict their analysis to the social solution.
Theoretical investigations of the speed of convergence usually focus on the asymptotic ROC. For models with a one-dimensional stable manifold, this is given by the unique stable eigenvalue of the underlying linearized dynamic system (e.g. Ortigueira and Santos, 1997) . In the case of multi-dimensional stable manifolds, the asymptotic ROC is usually approximated by the smaller, in absolute terms, of the stable eigenvalues (e.g. Eicher and Turnovsky, 2001) . It will be shown that the focus on this quantity alone is unnecessarily restrictive and hides important information on the mechanisms behind the convergence process.
The paper at hand contributes to the literature on transitional dynamics in R&D-based growth models along two dimensions: first, the transition process of the general non-scale R&D-based growth model set up by Eicher and 1. The relative importance of transitional vis-à-vis balanced growth dynamics is crucially determined by the speed of convergence. The second determinant consists of the frequency and severity of macroeconomic shocks. Moreover, Giavazzi and Wyplosz (1985) show that in hysteretic systems the speed of convergence may affect the long-run level of the endogenous variables.
Turnovsky (1999a) is investigated. In contrast to Turnovsky (1999b, 2001) , the focus here is on the market economy. This is important as real-world economic dynamics most probably represent the result of market outcomes. Second, the speed at which an economy converges to its steady state is analysed more deeply than in previous studies. To accomplish this task, a fairly simple analytical decomposition of the instantaneous ROC is developed. This decomposition is general and not at all restricted to the model under study. The basic idea follows the pioneering contribution of Solow (1957) , who introduces the analytical tool of growth accounting. This fundamental procedure breaks down the growth rate of aggregate output into contributions from the growth of inputs. 2 Within the underlying paper this basic idea is applied to the ROC. The resulting decomposition of the ROC allows one to disentangle the different determinants behind the ROC and thereby to identify different mechanisms of convergence.
The paper is structured as follows: in Section 2, a simple analytical decomposition of the instantaneous ROC is developed. The components of this decomposition formula are interpreted economically in Section 3. In Section 4, the decomposition is applied to investigate the determinants behind the speed of convergence in a general R&D-based growth model. Numerical methods are used to detect the relative importance of the different mechanisms behind the convergence process. Finally, Section 5 provides a summary and conclusion.
A SIMPLE ANALYTICAL DECOMPOSITION OF THE ROC
A simple analytical decomposition formula for the ROC is developed. On this occasion, we focus on the speed at which the final output (FO) converges towards its BGP.
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The subsequent decomposition comprises two main steps. The first relies on the well-known growth-accounting formula and yields an exact relation. In contrast, the second step requires one to focus on the linearized dynamic system and, therefore, yields a local approximation of the ROC. Despite this fact, however, the two-step decomposition proposed in this paper allows a deeper insight into the ultimate causes of the convergence process rather than the usual approximations.
The speed at which FO q converges to its BGP can be measured by the instantaneous ROC given by c q ðtÞ :¼ À _ qðtÞ À _ qðtÞ qðtÞ ÀqðtÞ where q(t) is FO at time t. A tilde (˜) above a variable denotes its value along the BGP and a dot its rate of change during a small period of time, i.e. _ qðtÞ :¼ dqðtÞ=dt. Provided that the dynamic system under study is formulated in stationary variables, the preceding definition can be simplified to read c q :¼ À½ _ q=ðq ÀqÞ. 4 A positive (negative) ROC indicates an economy that converges to (diverges from) its BGP. As usual, FO is considered to result from a number of input factors (denoted by x i ) according to the production technology q ¼ f ðx i Þ with i[f1; 2; . . . ; ng. In order to analyse the ROC of FO, we therefore have to focus on the dynamic system governing the evolution of the input factors over time:
where x i with i[f1; 2; . . . ; ng denotes a set of state variables, c u with u[f1; 2; . . . ; mg denotes a set of control or costate variables and g i (Á) and h u (Á) are the respective flow functions. The dynamic system (1) and (2) is assumed to possess a unique stationary solution defined by g i ðx i ; c u Þ ¼ 0 and h u ðx i ; c u Þ ¼ 0, which is labelled as fx i ;c u g. Linearizing equations (1) and (2) yields the Jacobian matrix ( J ) of the system. The eigenvalues result from the solution to the characteristic equation jJ À l Ij ¼ 0, whereJ is the Jacobian matrix evaluated at fx i ;c u g. It is further assumed that this characteristic equation yields n eigenvalues with a negative real part, denoted by l j with j[f1; 2; . . . ; ng, and m eigenvalues with a positive real part. As the number of jump variables equals the number of unstable eigenvalues (m) and the dimension of the state space equals the dimension of the stable manifold (n), the equilibrium fx i ;c u g is saddlepoint stable and indeterminacy can be ruled out. The main result of this section can be summarized by the following Proposition. The instantaneous ROC of FO given by q 5 f (x i ) with i[f1; 2; . . . ; ng along the (linear) stable manifold of dimension n can be decomposed as follows:
4. To simplify the notation, the time index is omitted. 
INTERPRETATION OF THE DECOMPOSITION FORMULA
In order to give a clear economic interpretation of the decomposition formula (3), the different components are explained in turn.
Elasticities in FO production
Let us start with the elasticities of the input factors x i in the production of q denoted by s i . This determinant points to the importance of the underlying FO technology for the ROC. To understand the role of this component fully, we need two pieces of information: first, it is well known that the contribution of an input factor to the growth rate of output increases with the respective elasticity of production. Second, the relationship between a variable's rate of growth and its ROC is given by
This implies that an increase in the growth rate is accompanied by a rise in the ROC provided that the proportional distance from the steady state is held constant. Taking both arguments together shows that growth in x i along the
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r Verein für Socialpolitik and Blackwell Publishing Ltd. 2006 transition path contributes stronger to growth in q, the larger is s i . Moreover, a higher growth rate of q translates, ceteris paribus, into a higher ROC of q. It is clearly instructive to notice that the decomposition conducted here can be equally applied to explicit multi-sectoral models. Let us assume that there is still a single FO good, which can be used for consumption or investment. FO is produced by using a number of inputs (e.g. physical capital, technology and human capital). In addition, it is quite natural to assume that these inputs are themselves produced by using the same array of input factors. The (intensive) production function of FO may then be expressed as q ¼ f ðy i x i Þ with y i (0ry i r1) denoting intersectoral allocation variables, which give the respective share of resource x i allocated to FO production. This consideration leads to the following Corollary. Provided that the FO technology is given by q ¼ f ðy i x i Þ, with y i (0ry i r1) denoting intersectoral allocation variables, the ROC of FO may be expressed as
where c y i denotes the ROC of the intersectoral allocation variables. The proposed decomposition indicates that two fundamental convergence mechanisms should be distinguished: first, a shock that pushes the economy out of its steady state induces an accumulation (or decumulation) of reproducible resources. This accumulation-decumulation mechanism is represented by the first term on the right-hand side (RHS) of equation (5). Second, there may be an intersectoral reallocation of resources in response to a shock. This resource-reallocation mechanism is captured by the second term on the RHS of equation (5).
Distance from the steady state
The second component of the decomposition formula (3) is the proportional distance of x i from its steady state in relation to the proportional distance of q from its steady state as expressed by
This 'distance from the steady state' is mainly determined by the specific shock under consideration; to be precise, this holds true for the initial distance from the steady state. The interpretation of this component is as follows: the absolute movement of x i towards its steady state increases, holding the ROC of x i constant, with the proportional distance of x i from its steady state, as expressed by the numerator of b i . Moreover, the contribution of this absolute movement to the ROC of q is larger, the smaller the average proportional gap of all input factors. The average proportional gap of all input factors is expressed by the denominator of b i .
Direction of the deviation from the steady state
To understand the meaning of the weights
let us consider a simple example with two input factors, i.e. q ¼ f ðx 1 ; x 2 Þ. Assume further that the stable manifold is of dimension two. The stable eigenvalues are denoted by l 2 < l 1 < 0. The solution to the underlying (linearized) dynamic system for x 1 and x 2 is of the following shape:
The instantaneous ROC of x 1 , say, can hence be expressed as c x 1 ffi À a 1; 1 l 1 þ a 1; 2 l 2 À Á with
Since l 2 < l 1 < 0, it follows that lim t!1 a 1; 1 ¼ 1 and lim t!1 a 1;2 ¼ 0. This implies, not surprisingly, that the asymptotic ROC (valid for x 1 , x 2 and q) is given by lim t!1 c x 1 ffi Àl 1 . Moreover, the constants of integration (B 1 and B 2 ) are crucially determined by the system's initial deviation from its steady state. 5 The initial deviations fx i ð0Þ Àx i ; c u ð0Þ Àc u g result from the specific shock under consideration, which gives rise to the process of convergence.
The weights a i,j account for the fact that it is not only the magnitude of the initial deviation from the steady state that matters. In addition, the direction of this initial deviation turns out to be of major importance. More specifically, if the shock under consideration moves the economy primarily in the direction given by the eigenvector associated with the larger, in absolute terms, of the stable eigenvalues, then the subsequent convergence process is faster and vice versa. This points to the fact, not considered in the literature 5. In addition, the constants of integration depend on the complete set of eigenvectors of the system.
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Stable eigenvalues
Finally, the ROC depends, of course, on the stable eigenvalues l j . These quantities are the ultimate measures of the speed at which an exponential decay process proceeds. In addition, it should be observed that the eigenvalues are themselves endogenously determined by preferences and technologies (e.g. Barro and Sala-i-Martin, 1992 ).
SPEED OF CONVERGENCE IN A GENERAL NON-SCALE R&D-BASED GROWTH MODEL
The decomposition formula (3) will be used to investigate the speed of convergence within an R&D-based growth model. Therefore, first, the model framework is introduced.
Model framework
The focus is on the market solution of a fairly general non-scale R&D-based growth model of the increasing-variety type. The social solution of this model has been analysed by Turnovsky (1999b, 2001) . The decentral solution has been derived by Steger (2005) and, hence, the exposition here is kept to a minimum. The economy comprises three sectors, namely an FO sector, a capital goods (CG) sector and an R&D sector. The FO and CG sectors use the same technology:
where Y is FO, 0ryr1 and 0rfr1 are the share of labour and differentiated CG in FO production, A is the number of differentiated CG and x(i) denotes the amount of CG of type i. By noting the general symmetry among the CG and using the definition of aggregate capital K: 5 Ax, the production function (6) can be expressed as Y ¼ a F A 1Às K ðy LÞ s L ðfKÞ s K . The R&D sector searches for new designs ( _ A) using the following production technology:
At the level of the individual firm, there are constant returns to scale in private inputs, i.e. Jones (1995) , we allow for negative externalities associated with the economy-wide averages of the private resources as indicated by Z e L ; Z e K < 0. As before, the production technology can be expressed in terms of aggregate capital to read as follows:
captures technology spillovers (SO), while 1 À Z K indicates the specialization effect.
The representative individual inelastically supplies one unit of labour during each period of time and maximizes intertemporal utility. Population size is assumed to expand at a constant rate, i.e. _ L ¼ n L, where L is the population and nZ0 the growth rate of population. The utility function is of the constant-intertemporal-elasticity-of-substitution (CIES) type. Solving the dynamic optimization problem yields the Keynes-Ramsey rule of optimal consumption _ C ¼ g À1 C½r À d À r À ð1 À gÞ n, where _ C :¼ dC=dt, C denotes aggregate consumption, r > 0 the time preference rate and g > 0 is the constant elasticity of marginal utility.
The balanced growth rates of this economy can be expressed asK ¼Ŷ 1
The balanced growth rates shown above reveal a standard implication of nonscale growth models according to which the long-run growth rate is proportional to the population growth rate.
Dynamic system
The evolution of the economy sketched above is determined by the following dynamic system (together with appropriate endpoint conditions):
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Note that this dynamic system is expressed in scale-adjusted variables, which are defined as y :
Equations (8) and (9) are the equations of motion for (scaleadjusted) capital and technology. Equation (10) gives the Keynes-Ramsey rule, while equation (11) shows the dynamic equation for the price of innovations (reflecting capital market equilibrium). Finally, equations (12) and (13) show the efficiency conditions (from the perspective of firms) for the allocation of private inputs (capital and labour). For the reader's convenience, Table 1 summarizes the notation. Table 2 shows the baseline set of parameters that underlies the numerical investigations. This set of parameters is very similar to those used in previous exercises (e.g. Ortigueira and Santos, 1997; Jones and Williams, 2000; Eicher and Turnovsky, 2001) .
Model calibration
Following Eicher and Turnovsky (2001, p. 100) , both sectors are characterized by mildly increasing returns to scale: A: number of ideas (a: scale-adjusted number of ideas) K: aggregate capital stock (k: scale-adjusted capital) C: aggregate consumption (c: scale-adjusted consumption) y: share of labour allocated to FO ð0ryr1Þ f: share of capital allocated to FO ð0rfr1Þ s z : elasticity of factor z 5 A, K in FO production Z z : elasticity of factor z 5 A, K in R&D a F : exogenous FO technology parameter a J : exogenous R&D technology parameter n: price of one idea (n a : scale-adjusted price) e: price elasticity of demand (capital goods) d: depreciation rate of capital g: elasticity of marginal utility w.r.t. consumption r: time preference rate n: growth rate of population r: gross interest rate the social elasticity of the private inputs in R&D (Z L þ Z K ) should lie within the range of 0.5 and 1; the baseline set of parameters implies
The resulting balanced growth rate of FO isŶ ffi 0:025. The implied growth rate of total factor productivity (TFP) amounts to s AÂ ffi 0:006. These values are in line with the empirical picture on growth in industrialized countries. 
Basic quantitative implications and the transition process
The general R&D-based growth model, calibrated as described above, yields plausible quantitative implications. In addition to the balanced growth rates ( b Y, s A b A), Table 3 shows key economic ratios ( g Y=K, g C=Y) and intersectoral allocation variables (ỹ,f) along the BGP as well as the asymptotic ROC of per capita output ( e c Y=L ).
7 Moreover, the model under study shows two (real) negative and two (real) positive eigenvalues. As there are two jump and two state variables, the equilibrium is saddlepoint stable. This result is robust with respect to parameter variations and, hence, the model appears to be well behaved. The ROC of per capita output amounts to 0.084, implying a half-life of about 80 years. Extensive sensitivity analyses have shown that this rather low value is robust with respect to parameter variations. Specifically, Figure 1 displays the sensitivity of the two negative eigenvalues with respect to key economic parameters: those that are especially difficult to assess empirically (s A , Z A and r) or have a strong impact on the growth rate (n).
8 Table 2 Baseline set of parameters
Preferences and population growth r ¼ 0:04; g ¼ 1; n ¼ 0:015 Shock considered a F : 1 ! 2 ( permanent shock)
6. In addition, the set of parameters in Table 2 must fulfil a number of technical restrictions resulting from (i) convergence of the utility integral; (ii) the transversality conditions; (iii) perfect competition in the FO sector and the R&D sector; and (iv) the fact that the derivation of the decentral equilibrium assumes s K ¼ Z 
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r Verein für Socialpolitik and Blackwell Publishing Ltd. 2006 The finding of e c Y=L ¼ 0:084 indicates that transitional dynamics are of major importance. However, this value gives the asymptotic ROC only. The instantaneous ROC of (scale-adjusted) output (c y ) is clearly variable along the transition, as displayed in Figure 2 . As the instantaneous ROC falls along the transition, the average ROC is higher than the asymptotic ROC. Therefore, the reported value for the ROC may be reconciled with empirical estimates on the speed of convergence, which lie between 0.02 and 0.03 (e.g. Barro and Sala-i-Martin, 1992 ).
Before we turn to the ROC, the transition process is described concisely. the FO sector to the R&D sector (Figure 3(c) and (d) ). As more and more resources are reallocated to the R&D sector and the output of this sector increases, the price of innovations reaches a maximum and eventually starts to decline. This price movement reverses the resource reallocation process, i.e. the intersectoral allocation variables start to increase. In the long run, the allocation variables return to their initial balanced-growth equilibrium levels; this reflects the non-scale character of the underlying growth model.
Decomposition of the speed of convergence
According to the decomposition developed in Section 2, two steps are distinguished.
Decomposition 1
For the multi-sectoral growth model under study, Decomposition 1 should be expressed as c y ¼ (5)). This decomposition is illustrated by Figure 4 . The instantaneous ROC of (scale-adjusted) output is decomposed into a linear combination of the instantaneous ROC of the input factors (c k ; c a ) and the allocation variables (c y ; c f ).
9 All ROCs approach their common long-run value, i.e.c k ¼c a ¼c y ¼c f ¼ Àl 1 ¼ 0:017 (Figure 4 From Figure 4 (b) and (d) it is obvious that, at any instant of time, capital converges much faster than technology. This is in line with the adjustment process shown in Figure 3(a) , which displays a convex curve. The observed pattern of adjustment may hence be described as follows: the convergence process is mainly driven by a strengthened capital accumulation due to a favourable technology shock and is supported by a temporary intensification of R&D activities.
The time paths of the ROC of the intersectoral allocation variables (c y , c f ) appear to be identical. The striking feature lies in the negative ROC at the beginning of the transition (Figure 4(f ) and (h) ). This observation points to the fact that the respective allocation variables initially diverge from their long-run values (compare with Figure 3(c) and (d) ). Although output converges monotonically (c y > 0 for all t), the resource-reallocation mechanism contributes negatively to the overall ROC at the beginning of the transition. Figure 4 (a), (c), (e) and (g) display the time paths of the weights, which appear in Decomposition 1. The weights associated with c k and c a are about ten times the weights associated with c y and c f . To understand the source of this difference, compare the weight of c k (s K b k ) with the weight of c f (s K d k ). As both contain the same parameter s K , the difference must stem from 9. The term 'scale-adjusted' is omitted in the following, provided that no ambiguity arises. 10. There are two negative eigenvalues, with l 1 denoting the smaller, in absolute terms, of the stable eigenvalues, i.e. l 2 < l 1 < 0.
divergence in b k and d k . Recall that these show the ( proportional) distance of the respective 'input factor' (including allocation variables) relative to the overall ( proportional) distance from the steady state. It follows that the difference in the weights (s K b k and s K d k ) is due to the fact that, at each point in time, the distance of capital (k) is higher than the distance of the capital 
Mechanics of Economic Convergence r Verein für Socialpolitik and Blackwell Publishing Ltd. 2006 allocation variable (f) from its steady state. In summary, although the ROCs are of similar magnitude (ignoring the initial stage of the transition process), the accumulation-decumulation mechanism appears much more important than the resource-reallocation mechanism.
The finding that the resource-reallocation mechanism is of minor importance compared with the accumulation-decumulation mechanism requires two comments: first, the analysis conducted above is restricted to movements along the stable manifold only. The decomposition of the ROC does not take the contribution of the initial jump of the allocation variables into account. As a result, the importance of the resource-reallocation mechanism is underestimated. However, one can readily assess the importance of this initial jump. Figure 3 (c) and (d) indicate the initial jump as the distance between the two dashed horizontal lines; the upper line shows the long-run value and the lower one gives the value of the allocation variables immediately after the shock. It can be recognized that the size of the jump appears to be of minor importance. In fact, the proportional reduction amounts to 0.4 per cent. Second, the model under study does not capture costs of capital adjustment (Hayashi, 1982) nor does it include resourcereallocation costs (Steger, 2006) . It is clear that the relative importance of these two types of costs is likely to influence the relative importance of the accumulation-decumulation vis-à-vis the resource-reallocation mechanism.
Decomposition 2
Decomposition 2 is given by c x i ffi P n j¼1 a i;j l j (see the Appendix). As noted above, the weights a i,j depend critically on the initial deviation of the input factors from their respective steady-state values. Therefore, the shock under consideration determines the relative size of the weights.
To illustrate the effects of different initial conditions, consider Figure 5 , which shows the two-dimensional stable manifold projected into the (k, a)-plane. The variables have been transformed into their proportional distances from the stationary point, i.e. a p :¼ ða ÀãÞ=ã and k p :¼ ðk ÀkÞ=k. As a consequence, the steady state is shifted to the origin. The dashed lines moving from south-west to north-east represent the _ k p ¼ 0 and _ a p ¼ 0 locus, respectively. A number of trajectories starting on a circle around the stationary solution with radius 0.5 are displayed. It can be recognized that a trajectory starting at point D, for example, converges more slowly compared with the one starting at point E. Note that the arrows indicate the state of the economy after the first five-year intervals. This pattern results from the twodimensional stable manifold with (stable) eigenvalues that differ substantially. For the baseline set of parameters, the stable eigenvalues are l 1 ¼ À0:017 and l 2 ¼ À0:15. The second eigenvalue is nearly ten times larger (in absolute terms) than the first. As a result, the economy converges relatively slowly along the direction determined by the eigenvector associated with l 1 . In contrast, convergence is comparably fast along the direction given by the eigenvector associated with l 2 . Of course, this is a rather mechanical explanation of the phenomenon under study. An explanation in economic terms would require one to understand how the difference in the stable eigenvalues results from the technology and preference parameters of the underlying model. This task is left for future research. Eicher and Turnovsky (2001) undertake a similar analysis as the one presented in Figure 5 for the social solution. However, the authors do not focus on the implications of the initial state of the economy relative to the steady state for the speed of convergence.
Moreover, Figure 5 illustrates that a wide range of different adjustment patterns is possible along a two-dimensional stable manifold. The trajectories starting at points A and D show monotonic adjustments. In contrast, the trajectories beginning at points B and E are characterized by nonmonotonicity. Finally, the trajectories originating from points C and F display non-monotonicity, together with overshooting.
SUMMARY AND CONCLUSION
Non-scale R&D-based growth models are becoming one of the basic workhorses of the dynamic macroeconomic theory (e.g. Eicher et al., 2000) . A comprehensive understanding of this class of models should include the transition process. Therefore, this paper investigates the transition process in detail. In contrast to Turnovsky (1999b, 2001) , the focus here is on the market solution. Moreover, the determinants of the (instantaneous) ROC are investigated and thereby the driving forces of the convergence process are identified. This is accomplished by developing and applying a simple analytical decomposition of the ROC. The decomposition formula, which is general and not restricted to the model under study, reveals that the instantaneous ROC of FO depends on four components: (1) the elasticities of the input factors in the production of FO; (2) the distance of the economy's position from its steady state; (3) the direction of the economy's deviation from its steady state; and, of course, (4) the stable eigenvalues of the dynamic system under consideration. The first component captures the obvious importance of the underlying FO technology. The second and third components indicate the meaning of the economy's (initial) position relative to its steady state and thus point to the importance of the specific shock under consideration. The last component describes the significance of the stable manifold.
The decomposition of the ROC reveals that the specific shock under study may be of major importance for the speed at which an economy converges to its steady state. This aspect is especially important for multi-sectoral dynamic models with a multi-dimensional stable manifold. In this case, the ROC may depend critically on the direction of the initial deviation from the steady state. This point has been largely ignored within the literature on convergence as the focus is almost exclusively on the asymptotic ROC. Moreover, this aspect may be important for understanding the international distribution of income.
Furthermore, if one allows for an explicit multi-sectoral framework, it becomes evident that two basic convergence mechanisms must be distinguished: the accumulation-decumulation mechanism and the resourcereallocation mechanism. Both mechanisms contribute directly to the convergence of FO and should, therefore, be considered as equally important with respect to the convergence issue. From an economic perspective, however, the resource-reallocation mechanism is of instrumental character with respect to the accumulation or decumulation of resources.
The application of the decomposition to the R&D-based growth model under study yields the following insights: (1) the accumulation-decumulation mechanism appears more important than the resource-reallocation mechanism. This result must, however, be qualified. The decomposition does not take the initial jump of the intersectoral allocation variables into account as the investigation is restricted to movements along the stable manifold. As a result, the importance of the resource-reallocation mechanism is underestimated. (2) Despite the fact that we observe permanent convergence in FO, some variables may contribute negatively to the ROC (at least for some period of time). This observation is due to non-monotonic adjustments of the intersectoral allocation variables. where b i is defined as in equation (3). Equation (A.2) represents the first step of the decomposition and is labelled Decomposition 1. This relationship is already instructive as it decomposes the instantaneous ROC of FO into the ROC of the input factors (c x i ) multiplied by appropriate weights. This decomposition is still exact as it does not require any (linear) approximation. If we are ready to focus on the linear stable manifold as an approximation of the non-linear stable manifold, we can take the second step of the decomposition. The instantaneous ROC of x i may then be expressed as follows: 
